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Synergism Between Penicillin, Clindamycin. or Metronidazole and
Gentamicin Against Species of the Bacteroides inelaninogenicus and

Ba uteroides fr-agilis Groups
ITZHAK BRROOK.^ JAMES C. C(X)LBALGH. RICHARD 1. WALKER- A~n EMILIO) WEISS

Natital MeIdical R'.%earc h In anictt. Acthi' ,a. M~arvlu.nd 2IANl4

Recti~ed III August NMI(3Acepied I' Octob~er I%%K

C'linical isolate%. of' the Bat ert'rtide.% oin-anintst,wept, it%. and Bat iter.'ide fruetlit groups %%ecre tested for in
'.itro and in \ito s usceptibsili(t to penicillin. clindam~ ci. and metronidazole. used %ingivl or in combination
xt ith gentamicin. [hei in %inro test-, consisted of determinalion% of minimal inhit-mor\ concentration,, iM\IC~
carried out with or %ithout constant amount% of gcntamicin. When used alone. gentamicin had negligible
eff~cts on the bacteria hut significantl\ reduced the MiCs. of penicillin. clindam~cin. and metronidazole
agzainst 11. 11). and 3. of the 15 strain% of the A. PrclanPrinovem Pit if roup. respectiwI%. The 15 'trains of the B.
tra ,.ili.t group %%ere all P3-lactama~e producer,, and \&ere highI\ resistant to penicillin or the combination of
penicillin and gentamicin. Hovwe~er. gentamicin reduced the MIC'. of clindamvcin and metronidazole
again-,t I and 7 %.trains. of thi'. group. re'.pecti.el%. r'he in '%mxo tes.ts \&ere earned out in mice and cons.isted of
mea'.urement'. of the effect%. of the antimicrobial agtents Lon the size%. and bacterial content of ab'.cess'e-.
induced h% '.ubeutancou-. injection of bacterial -.u'.pen'.ion'.. The res.ult%. of the in vi'.o tests %&ere generalI%
Co~ns.i'tent with thos.e obtained in %itro with s.train% tio' the A. "inchnin.'eenicus rotup. S,.nerlgi'.m between
gentamicin and peniý;illin. clindam~cin. or metronidazole %%a-. 'howkn in 13. 1tt. and 3 %.train%. of thi'. group.
re'.pwci,60. In %i~o -.%ntergi'.m %as. not clearl% demons.trated wxith the s.train% of the ft. fraL'ilit group.
po'sib1% becaus.e clindam~cin and metronidazole us.ed alone \%ere highly ellic.a-cioU'.. We 'ug.tthat the
'~ncr~gi'.tic effect of gentamicin is. due to its increas.ed tran'.port into the bactenal cell in the pres.ence of
penicillin and. poss'ibl'.. other antimicrobial agns he new1ý recognized in %-tire anti in . I% o -,% nergi'.m
betw.en penicillin and other antimicrobial agents. anti an aminogl..co'.ide in 8. mliute'ci ma,. ha'..
clinical implication'. that de'.er'.e to be in'.e'tigated.

Anaerobic bacteria of the Aacrt'rtmid.' frtivl'i'. and Aat it- This. worls wa% prompted b% the need to extend the abo'.e-
roidi'ý mtIait stnu group-, are important clinical patho- je'.cnbed ob'er'ation'. on drug '.%nergi'.m to other antibac-
gen'.. A. trtjij!jti in intra-abdominal abs.cess'es 12. 7). A. tenril combination'. and ito .tr'ains. of the A. inelantfti,'t'nhtiuA

,neanit'~nju'.in lung and upper re'.pirAtor\ infectiont, 11). group. We '.ho% that. with rnanN %.trains.. gentamicin. \Ahich
Since Bait( reraidt'. 'pp. are often reco'.ered from mixed b% I its.elf ha'. a negligible inhibitor% effect on Anjt ertnidei
irl'ection'. w1ith aerobic bacteria. penicillin or a cepha~o'po- %.pp.. i'. '.er% effectixe in combination w ith penicillin. clinda-
rin is. commonl,. 'adminis.tered for the treatment of infection'. mw.in. or metronidazolle in reducing the minimal inhibitoq,
due to B. inelanintifiv'ni i.% group bacteria. and chloram- concentration-, 04IC'i olf thes.e antimicrobial agents. and in
phenicol. cefo~itin. clindam'.cin. or metronidazokc i'. gixen s.uppress'ing ab'.ce'.' limmation in infected mice.
for B. ra cili... group infection%.. When enteric graim-negati'.e irhe experiment'. conducted herein %here earrned out in
organis.ms are s.uspected in addition ito anacrobe'.. aminogl. - accordance \#ith the principles. 'et forth in the Gisi' tar litte
co'.ide'. are als.o admintistered.. Care, aind I se o,'f i.jdt.aisr % .4nrjma.i. In-.titute-. of Labora-

A number of in'. e'tigator'. ha'.e been concerned with the torN Res.ources.. Nationial Res.earch Council. Department ot
pot'.ibilit% of antagonis.m betwe en antibiotic-,.\. which. fortu- Health. Education, and Welfare publication no. NIH 74-23.,
nately. ha'. not been encountered with drugs. us.ed agains.t
Bacterttidt'.. '.pp. (4. 5. 110. 1N. A by-proiduct of the'.e -studies. MATERIALS AND METHODS
has been the dis.covery that s.ome antibiotics act s.ynergis.ti-
cally ag-ains.t A. lrai.'ili.'. For example. Fa'.' et a]. 15) reported Bacteria. All Bin rtiier'.e strain% were recent is.olate%. from
in vitro s.ynergis.m between clindam'.cin and the aminogl\ .co- clinical s.pecimens. tA'tned from the Children's Hos.pital,
side gentamicin. 'Thes.e res.ults. were confirmed by Okuba- Was.hington. D.C. or from the Nia,6al Medical Command.
dejo and Allen (161. who found this. combination tobhe more National Capital Region. Bethes.da. Md. rheý, were identi.
effective than clindamvcin combined wP6ith kanamN cin. 8u'.ch fied in this. laboratory hy -standard priocedure'. (8. 19). Of 15
et al. 141 obtained a s.ignificant sy~nergis.tic effect between is.olates. of the B. meladainoavnicitt group. 7 were Bacie,-
clindamycin and the antimicrobial agent metronidazole in 13 rtadtet initerintdiu'.. 4 -&ere Batrri'r.'dei ~chrm~ci
of 17 s.train%.. Ralph and Amatnieks..( LX tested six drugs. in and 4 %%ere 8. melawirinaeenicu'.. ON 15 itolate'. of the B,
combination with metronidazole and found that nalidixic .0a e~ii.s group. 6 %ereft..Ofuvilis and 3 each were Bacrtertuides
acid. clindamycin. and rifampin had a synergistic effect on ii1h'allist. Batleroidrs fWatui. and Bacterfjde'. thelaitybaomi-
s.ome strains.. Thadepalli et al. 12t1 obtained excellent syner- ct-,,, I'.ee Tables. I and 2). All %tlrain%. were encaptulated a..
gi'.tic activity between cefuroxime and penicillin or carbeni- confirmed by the Hi%%' slaining method (141 and by electron
cillin in two of three strain%.. micro'.copý after - tit.irig with ruthenium red i9w. Stock

'.u'.pen'.ion'. %ere '.tored in s.kim milk at -70'C. For the
Corre'.ponding author. experiment'. des.crtibed here, the biacteria were grown anaer-
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obically on blood agar plate% ssith a brain heart infusion base following methods: penicillin G and clindamycin. agar diffu-
IDifco Laboratories,. Dxtroit. Mich. I for a total of tio or sion assay (12) with 1Mcrat ocu(i luteus A.'CC 9341 (Ameri-
three passage,, after isolation, can Tpe Culture Collection. Rockvill. Md.i: metronida-

Animals. Male Sv iss albino mice weiehig g 20 ti 25 g each zole. high-pressure chromatograph' 212i: gentamicin. agar
\4ere obtained from the Nasal Medical Research institute diffusion assa, v. ith Ba illu N uhtidi.% ATCC N15 1.
moue colon%. ['hc mice \%ere raised under consentional
conditions. RESULTS

Antimitrobial agents. Ihe follov, ing antimicrobial agents.
obtained from the indicated ,ources. \xere used: penicillin 6. In vitro susceptibility of Bacteroides strains. Table 1 sho,,s
E. R. Squibb & Sons. Inc.. Pnnceton. N.J.: clndamrcin. the MICN of15 iolate, ofthe B_ ,nch'nin'i'nio usgroup with

The Upjohn Co.. Kalamazoo. Mich.: metronidazole. G. D. respect to th;ee antimicrobial agents tested alone or in
Searle & Co.. Chicago. Ill.. and gentamicin. Sýhering Corp.. combination ,Aith 10 igL of gentami•in per ml. Although none
Kenil\,orth. Ill. MICs \, ere determined b. the agar dilution of the isolates produced 13-lactamase. susceptibility It) peni-
method (19) I ith a senes of nine concentrations of each cillin %aned greatl., requinng MICs ranging from ).01 to 6
agent. Each experiment aas repeated tiice. For penicillin i'g ml. The MICs for 5 of 6 strains requiring high MICs and
&. the concentrations \%ere 12. h. 3. 1.5. 0.75. 0.2. 0.1. 0.05. sev era] requiring moderate MIC,. a total of 11. \,%ere signifi-
and 0.01. i.g ml. except that concentrations of as high as -4 cantl] reduced bI gentamicin. Susceptibilit% to clindamscin
.g ml m ,A ere used in preliminarN tests %% iih ,trainN of the B. vaned ,omekhat less. soh MICs, ranging from 0.31 to 2.5

truvili\ group. For chindam\cin. metronidazole. and genta- ýLg ml. Ten of these MICs vsere reduced hb gentamicin. With

micin. tM oold dilutions As cre used from 10 to O.04. 50 ,o 0.1. metronidazole, the MICN .,ere close to the lo\ser concentra-
and 2W~. to 0).8 ig ml. respectivel . The in ,,tro ,%nergistic tions used in the test. 0.2 to 1.6 i±g ml. and the MICs of onl.
effect of gentamicin \&as determined b. adding 10 J.g of three strains ",kere reduced hNs centamicin. It is possible.
gentamicin per ml to each dilution of the antimicrobiai acent hoses.er. that the ý.oncentrations, used \sere not sufficientl.
to be tested. The effect %%as considered snergistic if it low to detect all possible instances of s%,nergisrn v ith strains,
reduced the MIC of the a,,sociated antibacterial agent h,, of the B. ulanincevniius and B. tue, i.i groups. Gentami-
fourfold or more. cin b, itself had little if anm inhibitor% effect on strains of

P3-Lactamase actisitv \%as determined for all microorga- either group (Tables I and 2i.
nisms by use of a chromogenic cephalosponn substrate 115). All 15 strains of the B. Ii-uili.s group were 0-lactamase

Infection of mice and antimicrobial therapy. E\periments producers and highly resistant to penicillin MICs. >64
usuall. consisted of 1;0 to 2W0 animals tested simultaneous- ýcg ml) in the pre,,ence or absence of gentamicin (data not
1%. \x ith 6 mice per experimental group. except 10 mice x.ere shos n . The M IC,, of clindam.,cin and metronidazole alone
used for determination of the le\els of antimicrobial agent-, and in combination Aith gentamicin are shossn in Table 2.
in serum and in abscesses. Mice Aere infected b% subcutane- The MIC of clindamycin ranged from 0.15 to 2.5 fig ml. but
ous injection into the right groin of 0.1-ml ,.olumes of the MIC \,as reduced by gentamicin for only one strain, from
suspensions, in saline containing 10' bactena per ml. The 0.,15 to 0.(W i.g ml. The MIC of metronidazole ranged from
antimicrobial agents, used singl, or mixed wAith gentamicin. 0.2 to 6.25 kg ml. The .ICs, for seven srains Aere reduced
ssere administered intramuscularly on alternate thighs 2 h to a mrderate extent by -,ntamicin.
after inoculation and at 8-h inter% als for 7 daos. The amounts In vivo effect of combined antimicrobial therapy. The 30
administered, in terms ofa 2('-g mouse per injection. sserc as, isolates used in these studies reproducibly elicited abscesses
follo,,s: penicillin G. 0.67 mg: clindamicin. 0.27 mg: metro- wshen injected into the groin-, of mice. Since these strains
nidazole. 0.33 mg: and gentamicin. 0).5 mg. were encapsulated. no virulence-enhancing factor aas re-

The mice vere sacnficed on day 7 by cer-%ical dislocation. quired f9). The sizes of these abscesses Isee Tables 3 and 4)
The sizes of the abscesses were estimated from measure- are measurements of outer surfaces. as described in Maten-
ments by caliper of two perpendicular diameters. corre- als and Methods. This t\pe of measurement was used in
sponding to maximum length and width. The product of preference to .olume because the thickness of the abscesses
these 1\%o measurements, expressed as millimeters squared. could not be estimated \kith accurac% and the absc,,eses %%ere
was approximatel. proportional to the outer surface of the not firm enough to be dissected out and vweighed. Without
abszess. For the determination of the bacterial contents of antimicrobial therapy. the abscesses achieved a mean outer
the abscesses, the abscess material \%as removed aseptically surface size of about 3(M) mm

2
. ,ith relatiely small differ-

and homogenized in an anaerobic glove box in I ml of sterile ences among the ,train,,.
saline in a grouid glass tissue homogenizer. Tenfold serial The effects of antimicrobial therapy on abscess formation
dilutions of the homogenates were made in sterile saline. and of isolates of the B. melhninoieni u.s group are shossn in
0.1-ml volumes of each dilution was spread in triplicate on Table 3. The abscesses induced by 12 of 15 strains were
brain heart infusion-enriched blood agar plates. No attempt reduced to a significant but relatiely moderate extent b.
was made to inactivate the antimicrobial agents in the penicillin. A substantial further reduction ",as achieved \%ith
homogenized abscess material, since a considerable dilution a combination of penicillin and gentamicin sith these 12
was achieved before plating. especially with the smaller strains and "ith one \%hich had not been affected by penicil-
abscesses. Colonies \#ere counted after incubation at 37°C in lin administered singly. The result,, (Table 3) agreed reason-
an anaerobic chamber for 4$ h. and the results are presented .bly well from those expected from MIC determi iations
as logil of viable bactena per abscess. (Table 1). An unexplained discrepancy is the los, MICs of

In vivo synergism \Aas defined as a significant reduction (P penicillin for strain 8 of B. a.sccharolyticu.s and the lack of
< 0.01) in abscess size associated with addition of gentami- in vivo efficacy. Clindamycin greatly reduced the sizes of all
cin to the other antimicrohal agent. Statistical analyses were abscesses, and an even greater reduction A as achieved with
accomplished with the Student I test of independent means, nine strains when the drug was combined with gentamicin.

The levels of the antimicrobial agents in sera and ahbcess- These results are in good agreement with those showsn in
es were determined in a separate group of mice by the Table 1. Metronidazole pro\ :d to be efficacious against all
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TABLE 1. MIC% tGf penicillin. clindamycin. and metronidazote alone and in comb.',tionat~h gentamicin for iwolaies of the B.
meluninipileniuui group

4IC ("&M~I of'

IsolIate Penicillin G Chindani~cin Meiwrmdazok incn

B. intermediu,%
76 0.1' 0.62 0.62 0.4 0.4 100

1200 .10.62 0.62 as 0.8 200
37 0.01 0 .01' 06 0.04- 1.6 1.6 IN8)
54 3 0 .01' . 0.62' 6.8 0.8 100
55 6 0.01' 2.5 0.62' 0-4 0.2 200

397 1.5 0.01, 1.25 0.62 Lb6 0.2, 100
509 1.5 0.01' 2.5 0.04' 1.6 0.2' 20t0

8. usacritaript~licus
8 0.01 0.01 1.25 0.04' 0.8 0.8 2it0

164 1.5 0.05' 1.25 0.041 0.4 0.4 2(X)
221 6 0.01, 1.25 0.62 0.8 0.4 1(8W
281 6 0.01' 0.31 0.08, I.4 0.4 100

B. ,nelaninwieenicus 
08 02 0172 1.5 0.01' 0.31 0.31 08 02 0

292 1.5 0.01' 0.31 0.04' 0.8 0.8 2w0
375 0.1 0.1 1.25 0.31' 0.4 U.4 100

466 3 0.6i 0.04' 0.2 0.2 100

Sy.nergistic Lumbinauions, total 11115 10,15 3 15

Naval Medical Re~earch Institute number.
-. Without gentamicin: . w.ith gentamicin 110 i~g'ml).

Synergistic effect as defined in the tett.

TABLE '.. MI[Cs of clindam~cin and metronidazole alone and in strains. However, synergism with gentamicin. apparent in
combination A ith gentamicin for isolates of the B. ftredibs group four strains, did not correlate well with in vitro synergism.

Cl Maa in MI ýLmuin of^: Gentamicin administered by itself did not result in a reduc-

Isolate' Ciitnc n Metronicluole Getmcn to in the sizes of the abscesses, but surprisingly. in some
cases clickted a significant increase.

aln As extpected. none of the abscesses elicited by the 15
B. fraxdit.s strains of the B. fra gdis group were affected by penicillin or a

13 0.31 0.31 0.8 0.2' 200 combination of pen~icillin and gentamicin (data not shown).
21 0.15 0.08 0.8 0.2' 200 Similarly. gentamicin was without effect, except that it
38 0.15 0.04' 0.4 0.2 100 elicited an increase in the sizes of abscesses induced by one
43 0.31 0.31 O.1 0.2' 200 strain (Table 4). As expected from the data shown in Table 2,
52 1.25 0.62 0.2 0.2 200 clindamycii and metronidazole were efficacious against all

181 1.25 1.25 3.1 3.1 200 strains, but -tynriegsm with gentamicin was not clearly

B. 1-lau demonstrated in vivo.
200 0.62 1.25 0.8 0.2' 100 The viable counts of the abscesses described in Tables 3
3W0 0.62 %P.62 0.8 0.2' 200 and 4 are shown in Tables 5 and 6. With strains of the B.
583 1.25 0.62 0.8 0.2' 200 melaninmnqettikus group (Table 5) the number of CFU in

untreated mice were relatively uniform, with means ranging
B. ova'us~ from 10s' " to 10"' per abscess. Penicillin administered

22 0.62 0.62 1.6 1.6 200 singly reduced the number of CFU of all strains, even in
105 0.31 0.31 0.8 0.8 200) cases in which a therapeutic effect was not demonstrated.
234 0.15 0.0 0.4 0.2 200 The reduction varied from about 21to6 logs. When penicillin

B. thetajo., uimit rnn was administered in combination with gentamicin. the viable
27 1.25 0.62 6.2 1.6' 100 counts were generally reduced to 102, or less. The four
85 0.62 0.62 3.1 1.6 200 exceptions 110'2 to 10")' included the two instances of

176 2.5 2.5 3.1 1.6 200 abscesses which were not reduced in size by chemotherapy.
Clindamycin and metronidazole administered singly greatly

Synecgistic 1115 7/14 reduced the number of CFU. with relatively few means
__________________________total____ exceeding 10-' per abscess. Because of the relatively small

Naval Medical Research Institute number. number of CFU. a further reduction by combination chemo-
K-' Withou: gentamicin. -. with gentamicin 4 10 Ia&'ml). therapy is apparent in nly a few cases. Gentarnicin adminis-
Synergistic effect as defined in (he text. tered singly did not reduce the number of CFU. The possibil-
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TABLEI 3.impacts of treatment A ith renicilln. clindamvcin, anti metronida.'ole alone and in combination Aith geniamnicin on ahsce's
si/es in mice infected ý% ih isolates of the B.t "aicaniteni,'14Na groutp

Me~an -SD) ..h%' 'site tmm: Aier irc,[ment ýith lolIo'ing drut; d."e rng kg; Nrda

B. iniernot'diu,
7728826 146 -12^ 12 14' 1s 12" 24 f. 22 X^ 16 362 14

12 114 28 116 - 14, 1is 12, 24 -12' 19 :13 32 :12' 2 :4. 2X4 1I
37 317 :14 12IS 12I: 3S i; 26 111' ' 6 I 4 4
54 29624 Y4416^ 24 s' it)" X6 26: if1 ,)

5524 32 14)6 22"- 44) 6l 24 h^ 2 :4' 16 K'6 14 -1" 34* 52

397 'I's 1 2 131 :16" 34 -14' is - 1o, 1Is 11 14 1it, 24 n S ~ =-
509 342 42 14N 24' 261' 31) 1f" h -2 24:12' 3: 12-f

B. harol% Jiur Ii :

6 36 2s 294 24 242 -15 16 12 2 1 212 - 12, its6 6 124 - 1
143616 2 17 24 6 2s 0' 2 1, .>44 -6 ;-19

221 332 41 14, 2 ý - 22 1 12- 12 - t'" 14 ii 15 '1 s 6 is 6 4s2 h2*

B. 1n1,,is'I,,ie1i; 'sni Ii
1'2 14:) 130:1' 22:16 1 1h6I'12, 24- Io ~ is426
292 1T It 2- 11 24 14 : 3 4 1 i- 26 1 6 P6 2

1 4 142 1 1h' 16 S,6 26 2ir 6 ' 4 5- 441 - 19 366 44)

444h 2K4 -10 2s w; 46 194 :42 32 is' 2 -41 1 K 12" 22 :, 1 4121 i- 1

" The mice ýere infected and treated as described in Materials a nd Methods The ahbsees iie,,e determined on ',i% - sosinte:tion. aire
expressed a, the products oif t%%.s surface dimensions imillimeters squared) and are presented as the means -- standard desitufion-. of ii, mnice
in each group. . %k it hout gent amiciný - . %%th geniamnicin C.5 mg kg per daý j

" Signiticant reduction iP It OCl of, abscess tice h% a single antimicrobial agent ("ithout igenarmicin).
Significant %.~nergsn'ic effect iP (4 .01) ssiih geniarmciii,
Significant increase WP 0.1)1 of abscess sue.

ity that in Somte case,, it may hasec enhanced them cannot be content in these abscesses. Often. but not als a%,,. losk NtI('s
excluded, correlated \Aell Aith small abscess size-, and lo%% bacterial

With strains o,' the R. tnkjvili.g group ITable 6). the number contents. Some of t'~e more ohs ious discrepancies hase
of CFU in ~he abscesses of untreated mice Aere also alreadý been noted. In other cases, although the general
relatively uniform, from 10' ' to 10"' ". and the counts in the trend ssas the same, there \Aere large difference-, in the
geuitamicin-treate-d mice Asere approxfmatelv the -same. Clin- bacterial content of' abscesses oit approsumateI\ equal size
damvcin h~d a variable effect on the number of ('FL. fcompare. for esatnple. the effect of clindams cin in Table,,!
reducing them by about 2 to 8 logs. A further reduction by and 61. These discrepancies and qualitattse difference-, mas
this drug in combination with gentamicin is not apparent. in some cases be due to imperfectton-, of the animal model
The reduction achieved by metronidazole was somev hat and met hodoloct. used. Ho\Aever, the mice appeared to hasec
higher, from about 3 to 9.5 logs. In combination with tolerat -d \-ell the multiple injections of the antimtcrobial
gentamicin. metronidazole significantly reduced the number agents. and our limited test of antimicrobial agent content in
of CIFU in only one instance 1 B. 1tuu,'ilis 13). The abs.cessýes %era and abscesses indicated that the dosage \%as adequate.
elicited by this strain and this drug combination Aere also Undoubtedl\ . unrecogntzed variation% in the phssiological
reduced to a Small but not highly significant extent T-able 4). properties of the strains plaý ed an important role. Thus, both

The concentrations of the antimitrobial agents in sera and in 5. itro and in .is, o results must be taken into consideration
in the abscesses of mice \A-ere checked \4 ith only t\%o strains Weore any, conclusions are dertied from this stud%.
(B. u~sacckarol ' icus 114 and B. firat.'lis 13) and only on day 7 Previous in\vesticattons of the effect on Bat t'rnud'., spp. of
after infection (Table 71. It is obvious that sufficient leve'ls antibiotics and antibiotic combinations \%ere primarils con-
were achieved in hothii ocations to inhibit the susceptible cerned \%ith B. fi~toilis (4-h. 1(4-13. 16. IX. 20, 22). T]here is
strains. It is interesting to note that the peniciltn concentra- general agreement that gentamicin bts itself' is iclatisels
(ions in the abscesses wkere considerably lover in mice ineffectise 464. The exacerbation of some of the abscesses
infected with the B. ftragqis Strains than in those infected seen in this stud% vi-as possibl% due ito interference \%th the
with B. asacchetrolvriciss. possibly because the B. lirai.&iis defense mechanism of the hosts (unpublished obsersations).
strains but not the B. (oaocchtirol ' icus Strains contained ~- Metronidazole has been recognized as one of the most
lactamase which destroyed penicillin. effectise antimic.-obial agents. consistently inhibitory and

bactericidal at achies able in vivo concentrations, 1221. Be-

DISCUSIONcause of this finding, this agent has been most frequently
DISCU~iONstudied in combination with other antibiotics, such as clinda-

In this study. 30 strains of Bacreroides spp. were tested for mycin (4. 18) and spiramycin (111). which proved to be
their susceptibilities to four antimicrobial agents plus three synergistic. The combination of clindamycin and gentamicin
antimicrobial agieit combinations by three criteria: MIC. has been found to be synergistic by some 15, 16st but not h\
reduction in sizes of abscesses elicited in mice, and bacterial all investigators 001)1.
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TABLE 4. Impacts of Ireatiment with clindamycin and meironidazole alone and in combinatiot with gentalmicin on abscess si/es in mice
infected Aiih Isolates of the B. lradi. group

teian SD [) a -. i,,ie tmm-i after iicalment ,uh fo'l.ing drug d.•, inig kg pNr d,i ,'

Itslate ',one ( ir. 1411 Metrisruda4,ole 04h - ntarru n allic - ý

iuntreated muxo: -

13 3•3 - 29 go0 - Wn 69 _ 13 44 : 7" 25= :9 391 1 36
21 34K• :34 65 f 12" 48 t 21 42 g-" 17 = 12 3Kl 21
38 2 -= 42 82 : 14'" 4 - 14 38 : 12" 28 14 314 :36
43 311 - 4K 32 = 21' 42 - 12 1i = 1i1 31 3 11 362 : 42
52 352: 28 lIh " 28 9 12 = 10" 16 15 342 IN

181 M: 2h 28 7" 341 12 21 -: 12" 17 9 319• 53

B. tui , .ll,
28IM 312 Is 2 4h : h" 41 1 3 .4 : 12" 31 : 20) 2184 : 41
3N) 342 20 5, X" 6.1 l M6 : 12" 69:10 3I26i : 21)
58K 2s8K I 62 -13" 54 21 501: i" 42:" 262:3

B. tiiian,
22 UN) t1 9s K" ̂ 96: 15 3" 5' 51 :11 4 :5

105 Illh I 16 K2 _ 21" 72 -15 64 : 51 : 11h "12 - 26
234 341X ! 24 16 : 12" 19 Ii 22 : 11" 23 : 13 315 : 31x

B. I i la towomt ro pi

.)) :1 K K IS III" 0 - 15 24 :" 10K: 5 406 1-
S5 299 : 34 4K 1

5
" 54 : 21 40 := " 42 !:15 13; 6: 44

h 34-- 2s Is2 :1" 59 K - I 32 r 2" 22 : 13 308 :32

SThe mice %ere infected a.s de',cnhcd in Matenal and Methods. The ahb.cess %tie. determined tin da% *7 p•i•'tnf tion. are e\prf-c-ed a, the
products of 1%o 0.4r1K" dimensions imillimeters squaredl and are presented a% the means : .,tandard des•tavons )f MI.% mice in each group.
Without gentamii- . -. .%ith gentaminin (7.5r mg kl per daý i.

Signit111aiit reduction (11 - WiiA tit ab •sce slie h% a single antimicrolial agent iitthout gentamicint.

SSignificant increase WP - Il1 of abscess i/e.

Our in % iro result,% with %,train,% of the B..fragili.N group are to the efficacy of clindamcin and metronidazole used ,in-
not surprising. The fact that in vitro ,, nergim beteen glh.
clindamycin or metronidazole and gentamicin %a-. not clear- Mlore significant are our reults of in vitro and in .ivo
Iý reflected in in vio abscess reduction might be attributed ,ynergi,,m betcen penicillin and gentamicin against B.

TABLE 5. Impacls of ireatment ,.ith penicillin. chndam'.cin. and metronirdaiole alone and in combination %kith genlanlrcin on ('F! in
abscesses of mice infected with isolates of the B. n.,lajninov(n ult i group

MStan -,) Slog. Ut " after treatm•nt with oIllowing drug •d•e img k: p.Nr dJa i

I s o la te N ' P t Pe n w llin Gi 1 1 0 13 1 lin d a m r i , on i4 th %• ei l r 'n id a .,o e 1 - 4 1

B, nue'rittrmedui,

"9.7 _ 11.6 6.K : 0.3 1.9 : 11.6 1.2 : IlK 1 1.11 0.1) 9" - 11.6

12 Ks 1.2 h.2 2 0.4 4.2 .0.3 14 : 01.6 -1.0t 2.2 :.4 1.1) 92 - 0 IA
31 9.A : li8 N.4 0 11.6 2.0 : 11.2 1' : 11.4 1.0) 1.4 : li.K( 1.2 - iI1 94 I" 0i
54 9,91 0.4 4.4 : 0.4 1.2 -- 1.4 . 1. ) 1.2 : 11.4 2.10 : 1.1 2.2 - 112 9 t i, S
55 10.2 0 tl.K 4.4 : 0.4 <. 1.0 2.4 : .h -1.)L 2.4 0 11.4 1.K - 0.2 11. K 1 4

397 3A,. : 0.5 5.2 = O',s 1.4 : 01,6 1.8 _ 1.0 <I1.0 -,1 Lo 1 2 - 0 101.2 - 1.0
509 9.4 : 0.K 7.3 = 1.4 1.3 ± 1.1 2.8 : 41.4 1.2 : 0.2 2.2 01.4 1.8 : -0.4 9.8 :7 1.2

B. aitici toroI, tit to

8 9.6 ) 0.5 5.4 - 1.2 4.8 _ 1.2 2.6 h) - 1.01 I. :- ().4 1.8 - W4 I1I • - 1.2
114 IWO 1- 0.5 7. : . 0.h 1.5 0-1,9 1.3 1, 1)i -- 1.0i 2.3 -e0.- 1., 11 4 11,1 " 14

221 9.K : 11.9 6.5 : 0.K 1.4 : 0.4 1., - 11.4 1.2 - ) 1.4 2.1 : 0l.8 2.' o1.I 11.2 - 1.2
281 10.2 : 41.4 K.6 : 0.9 1.5 1.1 2.6 : It.6 1.2 ( 1).4 1.1's .6 - 1. I'll i K

R. 'nelanin,011( filt in

172 9.3 : 01.3 5.6 : 11.6 1.5 0.tI8 2.5 : 0.5 '-1.0 2.1 1 1.2 1.3 A: 1.1 Wll.": 11.8
192 9.K = 11.6 5.h t 0.6 1.2 " 1.4 4.1 0 11.5 3.2 - 41.8 3.1 : I.6 2.K 0 {I.9 9.K : 01.8
375 9.6 = 1).7 7.4 : 1).8 h.4 i- 1.2 3.2 : 01.4 2.2 - 11.4 2.2 - 11.8 1.2 - 1) 9.4 -l.6
446 10.4 = 0.4 7.2 = 1.2 5.8 :.1.0I 2.10 : 01.4 1.6 t 1. I1.8 : 11.6 1.01 0 11.6 12.1 " 1.•

PArl of experinent presentcd in Table 3. (FU are expressed ais Iot*.. per ahbscs and arc the means s tandrd dei latlons of rpecnien,
denived from stx mice per group. -, Without gentamliln; -. with gcnlamlicn (7.5 mgL g per diA% i.
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TABLE 6. Impacts of treatment with clindamycin and metronaidazole alone and in combination %tth gentzmicin on CFL' in abscesses of
mice infected sith isolates of the B. ftaki~tis% group

Mean SD log,, :Ft. after treatment %iith folkvi~ing drug dose (mg kg perda

isolate Noe lindarns cm (40) Metronidazole 0i Gnarcn ln 1O
(untreated mice) - Gnaij tn I

13 10.4 :0.5 7.2 :0.7 5.9: 0.8 4-3 m 0.8 1.2: 1.0 10.4 :0.6
21 9.6:0.8 5.2:0.8 4.2: 1.2 3.3 0.6 2.6: 1.2 10. 1 :1.2
38 10.2: 1.2 6.4: 1.2 5.3 0.8 2.6:0.8 3.4: 1.4 9.2: 1.4
43 9.6: 1.4 4.2 :1.4 4.4:0.6 4.4: 1.2 4.2 :0.8 8.8: 1.1
52 8.6 :2.0 5.2 :0.8 6.4 :1.2 5.5 :1.4 4.2 0.6 9.6 :0.8

181 10.4 :1.6 4.6:0.4 4.2: I.) 3.7: 1.4 4.1 :0.4 10.2 :1.6

200 9.8:1.2 4.2 0.6 3.6:0.8 2.1:0.8 3.J1.2 9.0:-0.7
.010.2 :1.0 2.0 :1.2 1.7 :0.6 3.9 o .7 3.9 :0.4 8.5 - 0.7

583 9.6 f 0.6 3.4 :0.8 5.0 :1.2 3.8 :1.2 3.4 :0.8 9.2 :0.8

B. iii oil.%
22 10.6 :0.7 3.1 :0.8 2.5 :0.5 24 0.5 3.1 :0.5 10.2 :0.5

105 9.6 :0.8 4.3 :1.2 4.2 :1.6 2.4 :0.8 2.4 :0.4 11.1 0 (.8
234 10.2 :0.6 5.5 :1.4 5.4 :1.4 4.4 z 1.2 3.6 o .8 9.8 :0.5

B. theluiionotpicriin
27 10.8: 0.3 2.0: 1.1 1.8: (Y8 1.3:= 1.1 1.6: 0.8 10.9: 0.5
85 9.6 :0.4 6.4 :1.2 5.2 :1.4 3.3 ~.1.0 2.8 :1.0 10.2 :0.4

176 8.8:0.8 6.6: 1.4 6.4: 1.2 2.1 :0.4 2.0:l0.8 9.4 1.1

:'art of experiment presented in Table 4. C(FU are expressed as log,, per abscess and are the means = standard dev iations of specimens
derived from six mic, per group. -, Without gentamicin; -, with gentamicin (7.5 mg~kg per dan).

melarninoy'enicus. Syn,:rgistic interaction between aminogly- ev idence of inactivation of the antibiotic b~r B. frtagilis cell
cosides and penicillins have been noted and studied with extracts. WXhole cells of B. .frogili.s. ho~sever. did not show
certain aerobic or facultative anaerobic organisms (171. For any time-dependent accumrulation of the antibiotic. This
example. this combination was found to be effective in the failure was attributed to the lack of the proper electron
treatment of -nterococcal and staphylococcal diseases. It transport system for the transport of the aminoglycoside.
has been ciostulated that the penricillins. which inhibit cell The mechanism by w~hich penicillin presumably permits thte
wail syntheiz~s, enhance the penetration of ami noel ycosides. transport of aminoglycosides in Bacteroides spp. has not
which are capable of interacting w~ith the ribosomes. There is been in% estigated.
circumstantial evidence that such a mechanism may prevail There is no ob% ious explanation for the in vitro and in vivo
in B. medoninoy'eniuos. Bryan et al. (3) demonstrated that synergism betw~een clindamycin and gentamicin against B.
cell-free amino acid incorporation B. frok'ilis ribosomes was melanmniog.enicos and the less pronounced synergism be-
inhibited by gentamicin to about the same extent as with tw~een metronidazole and gentamicin against both Bacte-
Escherichia cio/i ribosomes. Further~more. there swas no roidest groups. That increased gentamicin transport is also

involved in these synergisms is an attractive hypothesis
worth investigating.

Combinations of antibiotics are continually being studied
TABLE 7. Concen~tration of antimicrobial agents in sera and in -ttempts to discover more effective therapy for senious

ab-cesses of mice" infections. Combined therapy, in addition to its more obvi-

%lean coneni fiq milt of drug (time arter last ous effects, might delay emergence of antimicrobial resist-
Antimicrot'tal adminisratoni ance or provide broad coserage for unidc;ntified pathogens.
agent tidaiI Strum Abscess fluid 10.5 hi - Busch et al. (4) suggested that the combination of clindamny-

dose 1mgkgl I- - cmn and metronidazole might prove useful in the treatment of
0.1 h 8. melanini,-

weri h' S. h fruedo' selected infections, such as endocarditis. septic thrombo-
G . . . phlebitis. and osteomyvelitis. in which B. froa'ilis is implicated

Penicillin G 27.5 = S. 2a 13.6 t 3.1 34.11 7.6 8.2 :2.1 as a single or primary pathogen. Although drawing clinical
1100)imotnefo oustd.adipatclrfo rels

Clindamycii 8.9 m 3.4 2.4 : 0.8 14.6 :3.6 13.4 _4 iprac rmorsuy ndi atclrfo eut
(40) with the penicillin-gentamicin combination against B. melon-

Metronidazoli 28.6 :6.4 11.0 = _,.6 12.2 :3.4 13.2 :3.6 intogenicus. is premature. the data here presented open the
150) possibility of a new approach for the treatment of this

Geniamicin 5.4 : .2 1.2 = 0.4 3.8 :1.8 4(1 :t 2.0 infection.
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